This study aimed to investigate whether diabetes mellitus (DM) increased the risk of developing hepatocellular carcinoma (HCC) in patients with chronic hepatitis B virus (HBV) infection.
Background
Hepatocellular carcinoma (HCC) is the most common form of primary liver cancer and is the second leading cause of cancer-related deaths worldwide [1] . Approximately 750,000 new cases of HCC are diagnosed each year [2] , and Chinese patients account for 55% of the global incidence of HCC. The causes of HCC include chronic hepatitis B virus (HBV) or hepatitis C virus (HCV) infection, primary autoimmune hepatitis, hemochromatosis, Budd-Chiari syndrome, and chronic alcohol consumption, which can lead to liver cirrhosis [3] . Globally, 257 million individuals are infected with HBV [4] , which is associated with 50-80% of all cases of HCC [5, 6] . In China, HBV is the leading cause of HCC, where it accounts for 70% of cases [7, 8] .
Diabetes mellitus (DM) is a significant global health issue that shares risk factors with several types of cancer [9] . The incidence of DM among adults in China reached 11.7% in 2010 [10] , and more recent reports have identified a relationship between DM and HCC. Epidemiologic studies have now shown that that DM is an independent risk factor that is associated with an approximately two-fold increase in the risk of developing HCC risk when compared with non-diabetic individuals [11] [12] [13] [14] . Also, DM has been reported to be a possible risk factor for both the recurrence of HCC [15] [16] [17] [18] and increased mortality in patients with HCC [19, 20] .
Previously published studies on the epidemiology of HCC have mainly focused on the association with HBV, HCV, and alcohol, including fatty liver disease associated with alcohol [14, 21] . However, the link between DM and HBV-related HCC remains to be investigated, particularly in China, where the prevalence of chronic HBV infection is high.
Therefore, this case-controlled study aimed to investigate whether DM increased the risk of developing HCC in patients with chronic HBV infection in a Chinese patient population while controlling for other known risk factors for HCC.
Material and Methods
Patients and study design A retrospective study was conducted of patients diagnosed and treated at The First Hospital of Jilin University in China, between January 2016 to January 2017. Patients with a diagnosis of chronic hepatitis B virus (HBV) infection diagnosis whose complete medical records were available were included in the study. The study protocol was approved by the Independent Institutional Review Board of The First Hospital of Jilin University. Each patient enrolled in the study provided written informed consent to participate.
The study inclusion criteria were confirmed chronic HBV infection, and in the patients with type 2 diabetes mellitus, a confirmed diagnosis of diabetes. Patients who had hepatocellular carcinoma (HCC) and liver cirrhosis also had confirmatory diagnostic tests. The study exclusion criteria included a known negative test for HBV surface antigen (HBsAg), co-infection with human immunodeficiency virus (HIV) or hepatitis C virus (HCV), a history of any other malignancy, and a history or signs of infection or other causes of liver disease, including autoimmune hepatitis and alcoholic or non-alcoholic fatty liver disease (NAFLD).
Diagnosis of chronic HBV infection, cirrhosis, and HCC
The diagnosis of HBV infection was based on a periodical or consistently high alanine transaminase (ALT) level (³ twice the upper limit of normal), and the presence of serum HBsAg and HBV DNA for more than six months [22] . Liver cirrhosis was diagnosed by combined radiological and histological findings. HCC was diagnosed by liver biopsy and histology following computerized tomography (CT) and magnetic resonance imaging (MRI), which also included a portal venous contrast-enhanced scan showing increased arterial vascularization within the tumor, or positive imaging associated with an alpha-fetoprotein (AFP) level >400 ng/mL.
Diagnosis of diabetes mellitus (DM)
Patients with a known history of diabetes who were on being treated for diabetes were included or individual who had one or more of the following: a fasting blood glucose level ³7.0 mmol/L; a random blood glucose level ³11.1 mmol/L; or a two-hour post-prandial plasma glucose ³11.1 mmol/L [23] .
Demographic and clinical variables
From a review of the clinical records, data were obtained and analyzed on the following variables: gender, age, the presence of cirrhosis, the presence of gallstones, a family history of HCC, cigarette smoking, the history of DM, levels of ALT, aspartate aminotransferase (AST), HBV DNA, and glucose.
Statistical analysis
Data analysis of continuous variables used non-parametric tests, including the medians (25 th and 75 th percentiles), numbers and percentages, and categorical variables including the chi-squared (c 2 ) test. All tests were two-tailed with P<0.05 indicating statistical significance. Multivariate logistic regression analysis was used to account for possible confounding variables and adjusted odds ratios (AORs) were obtained with 95% confidence intervals (CIs). All statistical analysis was performed using SPSS version13.0 (SPSS, Inc., Chicago, IL, USA) for Windows. Table 1 shows the demographic and clinical features of the study participants. We initially recruited 980 patients with chronic hepatitis B virus (HBV) infection but excluded 310 patients, due to incomplete medical records, and excluded a further 120 patients based on the exclusion criteria described above. Individuals with a confirmed diagnosis of HCC and chronic HBV infection (n=112), and non-diabetic individuals with both chronic HBV infection and HCC (n=210) were matched by age, sex, and degree of liver cirrhosis.
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Results
Patient demographic and clinical data
Among the 112 patients with HCC, the median age was 52.0 years (range, 46.3-56.0 years), 18.8% were men, and the prevalence of cirrhosis was 90.2%. Among the 210 patients without HCC matched by sex, age, and cirrhosis status, the median age was 51.0 years (range, 47.0-58.0), 26.2% were men, and the prevalence of cirrhosis was 91.9% (Table 1 ).
There were no significant differences between the controls and the patients with HCC in terms of demographic characteristics, including gallstones and family history of HCC. Patients with HCC were significantly more likely to have DM when compared with patients without HCC (16.1% versus 7.6%) (P=0.019) and had significantly increased serum HBV DNA (or viral load) (3370.0 IU/mL) compared with patients without HCC (1485.0 IU/mL) (P=0.018). Cigarette smoking was also more common among patients with HCC (49.1%) compared with controls (36.2%) (P=0.025). Serum alanine transaminase (ALT) levels were significantly increased in patients with HCC compared with controls without HCC (P=0.002), but aspartate transaminase (AST) and glucose levels were similar between the two groups (P=0.199 and P=0.106, respectively).
Factors associated with HCC in patients with chronic HBV infection
Univariate analysis showed that cigarette smoking, DM, and increased serum levels of HBV DNA were more common in patients with HCC than in control participants without HCC (Table 2) . Adjusting for potential confounders, including gender, age, cigarette smoking, family history of HCC, cirrhosis, high levels of HBV DNA, and DM, using multivariate analysis, confirmed the findings from univariate analysis. The diagnosis of DM increased the risk of HCC by two-fold to three-fold (AOR: 2.402; 95% CI, 1.150-5.018), and high serum HBV DNA levels increased the risk for HCC by nearly two-fold (AOR: 1.753; 95% CI, 1.079-2.849), while cigarette smoking increased HCC risk by between one-fold to two-fold (AOR: 1.665; 95% CI, 1.031-2.690).
Discussion
The findings of this study showed that in patients with chronic hepatitis B virus (HBV) infection, diabetes mellitus (DM) doubled the risk of developing hepatocellular carcinoma (HCC) in Chinese patients, which is consistent with the findings from previously published studies [12, [24] [25] [26] . A long-term study of a community-based cohort showed that DM combined with HBV infection increased the risk of developing HCC by between two-fold to three-fold [12] . Similarly, Gao et al. studied the role of DM in patients with chronic HBV infection and liver cirrhosis and found that DM independently increased the likelihood that their cirrhosis would progress to HCC [27] . Zheng et al. also conducted a hospital-based case-control study to explore the possible association between DM and HCC and found a significant synergistic association between DM and HBV infection and the incidence of HCC [8] .
However, there have also been some studies that have not established this association. In 2017, a Chinese case-control study of 91 patients with chronic HBV infection, liver cirrhosis, and DM, and 91 patients with liver cirrhosis without DM reported no association between DM and an increased risk for developing HCC [28] . In 2013, a retrospective cohort study explored the risk factors associated with the development of HCC in 5,6231 patients aged more than 40 years and did not find an association between DM and the development of HCC [29] . Because there are conflicting epidemiological findings, prospective studies involving more geographical and ethnic groups and studies that include investigations into the possible mechanisms involved in the liver in DM, chronic HBV infection, and HCC are warranted. AOR -adjusted odds ratio; CI -confidence interval; HBV -hepatitis B virus; HCC -hepatocellular carcinoma. # P value for univariate analysis; * Adjusted for gender, age, cigarette smoking, family history of HCC, liver cirrhosis, HBV DNA level, and diabetes mellitus; ** P value for multivariate analysis.
6732
One mechanism by which DM increases the risk of HBVassociated HCC might involve the effects of increased levels of insulin and insulin-like growth factor-1 (IGF-1) in adipose tissue, liver, and muscle tissues that result from insulin resistance, as several previously published studies have shown that increased levels of IGF-1 levels may have a role in carcinogenesis in the liver and other tissues [30] [31] [32] [33] [34] [35] . Another potential mechanism by which DM may increase the risk of HBV-associated HCC involves obesity, which might trigger carcinogenic effects by the secretion of pro-inflammatory cytokines from visceral adipose tissues [36] .
Also, hyperglycemia in poorly controlled DM might also have a carcinogenic effect, rather than hyperinsulinemia [36, 37] . Cancer cells, which are rapidly dividing, have been shown to require more glucose than normal cells [38] . Direct carcinogenic effects of hyperglycemia combined with activation of the Wnt signal transduction pathway were recently proposed to promote carcinogenesis, resulting in nuclear beta-catenin accumulation and aberrant acetylation of beta-catenin [39] .
In adults with chronic HBV infection, DM may influence the progression of liver cirrhosis and lead to severe liver-related outcomes [40, 41] . Also, patients with diabetes and HCC have been shown to suffer from dysregulation of bile acid homeostasis and of the intestinal microbiome. Dietary obesity induces alterations of gut microbiota, thereby increasing the levels of deoxycholic acid, a gut bacterial metabolite known to cause DNA damage [42, 43] . In mice models, the enterohepatic circulation of deoxycholic acid provokes senescence-associated secretory phenotype in hepatic stellate cells (HSCs), which then secrete inflammatory and tumor-promoting factors in the liver, thus facilitating HCC development in mice after exposure to chemical carcinogen [42, 43] . Notably, blocking the deoxycholic acid production or reducing gut bacteria efficiently prevents the development of HCC development in obese mice. but the molecular pathways remain unknown [42, 43] .
The findings of the present study showed that cigarette smoking also increased the risk for developing HCC in patients with chronic HBV infection, although previous studies have shown conflicting results regarding the link between smoking and liver cancer [44, 45] . However, due to the carcinogenic nature of some tobacco metabolites, such an association is likely. For example, some smokers have high blood levels of 4-aminobiphenyl DNA adducts, which are associated with an increased risk for HCC [46] [47] [48] . Also, N-nitrosodimethylamine, a common chemical byproduct of tobacco smoke, can potentially cause liver tumors in mice, rats, monkeys, and other species [49] . Vinyl chloride, a component of tobacco smoke, can also cause HCC and angiosarcoma in humans [50] . In the present study, patients who had HBV DNA levels ³10 3 IU/mL had a significantly increased risk for HCC compared with other patients with chronic HBV infection and low levels of HBV DNA, which is supported by the findings of previous studies [51, 52] .
This study had several limitations, including its retrospective design, the reliance on adequate and accurate patients details from clinical records, and the lack of details regarding the treatments the patients received for their DM. These limitations indicate that future prospective studies might provide further information on the association between specific hypoglycemic agents and the development of HCC. Also, because the study was conducted in a single center, which restricted the patient sample size, it was not possible to divide the study population with DM into smokers and non-smokers or to further clarify the role of smoking and diabetes in the occurrence or progression of HCC. The patient sample size was also limited due to the matching required of cirrhosis status between the study group and the control group, and the application of the necessary patient exclusion criteria.
Conclusions
The findings of this study showed that, in a Chinese population with chronic hepatitis B virus (HBV) infection, diabetes mellitus (DM) increased the risk of hepatocellular carcinoma (HCC). Cigarette smoking and high levels of HBV DNA were also associated with HCC. These findings highlight the importance of screening patients with known risk factors for HCC, which may improve early detection rates and treatment to prevent tumor progression.
